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Abstract
E-assessment in higher education mathematics is explored via a systematic review of 
literature and a practitioner survey, and compared with other assessment approaches 
in common use in higher education mathematics in the UK. E-assessment offers 
certain advantages over other approaches, for example question randomisation allows 
individualisation of assessment, but it is restricted in the range of what can be 
assessed due to the limitations of automated marking. 
A partially-automated approach is proposed in which e-assessment techniques are 
used to set an individualised assessment which is taken and marked by hand. This 
approach is implemented in a higher education mathematics module. The module 
uses individual coursework assignments alongside group work to attempt to account 
for individual contribution to learning outcomes. The partially-automated approach is 
used as a method for reducing the risk of plagiarism in this coursework, rather than 
replacing it with a written examination or e-assessment. 
Evaluation via blind second-marking indicates that the approach was capable of 
setting a reliable and valid assessment. Evaluation of student views and analysis of 
assessment marks leads to the conclusion that plagiarism does take place among the 
undergraduate cohort, was a risk during this assessment, but was not in fact a 
particular problem. 
The partially-automated approach is recommended as an appropriate addition to 
the repertoire of higher education mathematics assessment methods, particularly in 
cases where an assessment carries a high risk of plagiarism but the need for 
open-ended or deeper questions make an examination or automated marking system 
sub-optimal. 
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1 Introduction
1.1 Outline of research
This research examines the use of 'e-assessment' (assessment set and marked by 
computer; sometimes called computer-aided or computer-assisted assessment, CAA) 
in higher education mathematics, contrasted with 'traditional' assessment approaches 
(set and marked through non-automated methods). An investigation of assessment 
approaches leads to the proposal of a novel, partially-automated approach, which I 
implement and evaluate in a particular teaching and learning context. 
This research originated in an earlier project, which drew as its motivation an 
enthusiastic desire to implement e-assessment technology simply because 
implementation was possible, without particular study of educational need or 
purpose. My professional development as a teacher in higher education resulted in a 
change from this naïve approach to a more sceptical one, where innovation follows 
educational need and is only completed where it is more advantageous than existing 
approaches. 
Moore (2011) predicts that “your focus will shift through the life-cycle of [a] 
project as it evolves and takes shape” (p. 6). Indeed, this is a thesis of three parts, 
representing three phases of this research. 
The first part (chapters 2-3) studies assessment in higher education mathematics 
in general, and e-assessment in higher education mathematics in particular. This is a 
free, open and unfocused exploration of the topic, given that “the more certain you 
are about something in education, the less likely you are to appreciate what is going 
1
2on” (Mason, 2002; p. 120). As the approach taken is to implement an innovation only 
where there exists some educational need, the aim of this investigation is to study the 
place of technology in assessment in higher education mathematics in order to 
identify an opportunity for novel development. A weakness is identified in the 
literature, in that implementation of e-assessment, particularly that reported in 
published work, is often driven by individual enthusiasts (Barton et al, 2012; p. 18), 
which may exaggerate the benefits (Sangwin, 2012; p. 12). A survey is thus 
undertaken with a focus on users of e-assessment who are not represented in the 
literature and non-users of e-assessment. 
The second part (chapters 4-5) discusses different methods of assessment in terms 
of their advantages and limitations. It is recognised that different assessment 
methods in different teaching and learning contexts access certain desirable qualities 
of assessment to different extents. For example, a written examination can be more 
reliable than a piece of open-ended coursework, but may be less valid, in terms of 
being able to assess everything a mathematics degree should contain. Discussion of 
each assessment method as a balance of desirable qualities leads to the identification 
of a partially-automated approach, in which the tools of e-assessment are used to set 
an individualised (pseudo-randomised) assessment which may be taken and marked 
offline. This approach is claimed as novel in higher education mathematics, since a 
similar approach was not found in literature during the first part of this research. 
Since individualisation is a tool for dissuading plagiarism, and the limits of automated 
marking are more restrictive than the limits of randomisation, the potential exists to 
make a piece of coursework more reliable through reduced plagiarism without having 
to convert it to an e-assessment or written examination, both of which would have 
less potential for high validity. Given the sceptical approach to technological 
intervention outlined above, this partially-automated approach to assessment is not 
considered useful simply because it has been proposed; a teaching and learning 
context is outlined in which it may be useful. The context involves a module in which 
individual work was used alongside group projects to attempt to take account of 
individual contribution in the final grade. Since the individual work was necessarily 
similar to the group project work, the potential for in-group plagiarism was high. The 
3nature of the topic and the intended learning outcomes did not suit the restraints of a 
written examination or e-assessment, and so individualised coursework via the 
partially-automated approach was thought to be potentially very suitable. 
The third part (chapters 6-8) describes the development of technology for the 
proposed partially-automated approach, first by prototyping and later by re-purposing 
an existing e-assessment system as an assessment-setting system. The 
implementation of the partially-automated approach in the proposed teaching and 
learning context is described. An evaluation focuses on whether the specific 
implementation was successful in achieving its goals, in order to answer the broader 
question of whether any circumstances exist within higher education mathematics in 
which the partially-automated approach can be useful. 
Essentially, to borrow a mathematical analogy, the second part draws on the 
findings of the first to propose an 'existence statement' (see Anderson, 1969; p. 29) 
that a particular novel, apparently unused approach to assessment may exist. The 
third part then attempts to 'prove' its 'existence' in practice, by finding a particular 
set of circumstances for the proposed method and examining whether it is more 
useful in that context than established methods. If so, this project will have provided 
evidence that there is some merit in including the partially-automated approach in 
the catalogue of assessment methods available to teachers of mathematics in higher 
education. This project does not seek to demonstrate that this is the only unrealised 
novel approach to assessment in higher education mathematics, nor that this is the 
only way in which a partially-automated assessment approach might be useful (in 
fact, I would hypothesise that both of these statements are false). 
This thesis is in part about the development of my teaching practice (this will be 
expanded in sections 6.3 and 6.7 in particular), and so is written in first person, 
although use of first person language is kept to a minimum where it is less relevant to 
the topic of discussion. My background and motivations, and literature on assessment 
and e-assessment in higher education mathematics, are introduced in chapter 2. The 
methodology to be followed at various phases in this project will be introduced in the 
chapter where the need arises. 
41.2 Research questions
1.2.1 Main research questions
1. How is e-assessment used in higher education mathematics, what are its 
advantages and limitations, and how does it compare to other assessment 
methods in common use in higher education mathematics in the UK?
2. Can a novel assessment approach be identified which uses e-assessment 
techniques to provide a combination of potential advantages and limitations 
that is distinct from that offered by the commonly used methods identified?
3. Is there a particular teaching and learning context in which the proposed 
novel approach is more appropriate than existing commonly used methods?
1.2.2 Questions related to the particular 
implementation and its evaluation
The partially-automated approach proposed as a result of research question 2 was 
trialled in a particular context with a group of students. Six questions are posed in 
chapter 6 which relate to the evaluation of that implementation and are required to 
evaluate research question 3. 
1. Are the marks particularly sensitive to who is doing the marking?
2. Is the assignment assessing the learning outcomes it was intended to assess? 
3. Does the individualised nature of the assignment work to reduce plagiarism?
4. Can the individual work contribute to a view on whether uneven contribution 
is taking place?
5. Can the individual work contribute to a process for adjusting group marks to 
take account of individual contribution?
6. What are student views on conventional measures to address uneven 
contribution?
In addition, the opportunity of surveying students is used to produce data from a 
different perspective to enable further discussion of research question 1.
7. What are student views on the purpose of assessment?
8. What are student views on automated marking?
51.3 Original contribution
The main contribution of this work is that I propose, develop and trial a 
partially-automated approach to the assessment of mathematics in higher education, 
in which e-assessment methods are used to set an assessment which is taken and 
marked offline. This approach makes it possible to bring automated individualisation 
to the assessment of higher order skills. In particular, this approach differs from 
similar approaches taken in statistics (see section 4.5), which use a randomised data 
sample for individualisation, and from usual approaches to e-assessment in 
mathematics, where the limitations of computer input and automated marking tend to 
lead to a focus on mathematical techniques and algebraic equivalence. Given that a 
review of key projects and reports on assessment in UK higher education 
mathematics and a systematic review of literature on e-assessment in mathematics 
did not reveal anything similar, this approach to assessment is claimed as novel in 
higher education mathematics in the UK. 
In addition, this thesis provides a systematic review of literature giving the views 
of practitioners on the use, advantages and limitations of e-assessment in higher 
education mathematics. That review did not find any similar published systematic 
review on this topic, so this is also claimed as an original contribution. 
Finally, this thesis attempts to account for a limitation of the literature by 
providing the results of a survey of the views of those in higher education 
mathematics who are users of e-assessment but not represented as authors in the 
literature, and of non-users of e-assessment. The closest found in the systematic 
review of literature is the survey by Robinson, Hernandez-Martinez and Broughton 
(2012), which was limited in scope as it focused on lecturers at one university all 
using the same e-assessment system with first year students (p. 105).
1.4 Overview of chapters
Chapter 2 draws both on reflective evaluation of previous experience and on 
scholarship to establish relevant background information for this study. A reflection 
on experiences in higher education mathematics alongside this project details a 
change in approach to the implementation of learning technology. In order to support 
6research question 1, a study is made of four key practitioner sources in UK higher 
education mathematics teaching, learning and assessment, with a particular focus on 
assessment methods. Finally, a systematic review of literature on e-assessment in 
higher education mathematics provides practitioner views on the use, advantages and 
limitations of e-assessment approaches. 
Recognising the dominance in the literature of individual enthusiasts, an attempt is 
made through four interviews to collect the views of users of e-assessment who are 
not represented in the literature, and of non-users of e-assessment. A questionnaire is 
used to corroborate or dispute the interview findings among a larger sample. The 
findings of the interviews and questionnaire are presented in chapter 3. 
Chapter 4 discusses the methods of assessment in use in UK higher education 
mathematics in terms of the five desirable qualities: reliability; validity; fairness and 
transparency; efficiency; and, usability. This discussion recognises that each method, 
in general terms, provides access to a different balance of these qualities. This leads 
to the identification of an opportunity to access a unique balance of qualities through 
a partially-automated approach, in which e-assessment methods could be used to set 
an individualised assessment which is taken and marked offline. It is the identification 
of this opportunity for a partially-automated approach that comprises the key 
proposal of this thesis.
Chapter 5 outlines a particular teaching and learning context in which the 
partially-automated approach may be useful. This is a module designed to develop 
various learning outcomes around graduate skills, and which uses individual work 
alongside group projects to try to take account of individual contribution in the final 
marks. The opportunity to use the partially-automated approach proposed in chapter 
4 arises during this module. Chapter 5 describes the programme context, module and 
assessment structure and the topic of the relevant group project, as well as previous 
experience of running a similar group projects module. 
Chapter 6 discusses the design of a framework for evaluation of the 
implementation of the partially-automated approach in this module based on my 
development as a teacher of higher education mathematics and on increasing 
knowledge about the partially-automated assessment approach. This proposes three 
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validity of the assessment; a student feedback questionnaire, to examine student 
views on uneven contribution and plagiarism in the context of this approach, and on 
assessment and automated marking in general; and, comparison of marks, to examine 
uneven contribution through individual assignment marks and peer assessment of 
contribution. 
Chapter 7 presents the implementation. First, this details the development of 
technology to implement the partially-automated approach. The extended timescale of 
this project means that the underlying technologies changed considerably between 
early prototyping and eventual deployment. Initial prototyping is described and a 
system capable of performing the implementation was created, though ultimately this 
project used a re-purposed existing e-assessment system to set the individualised 
assessments. Chapter 7 also describes the implementation of the approach proposed 
in chapter 4 in the teaching and learning context planned in chapter 5, and its 
evaluation using the method designed in chapter 6. 
Chapter 8 gives the results of the evaluation designed in chapter 6 whose 
implementation was described in chapter 7. 
Chapter 9 brings together the findings in the context of the research questions to 
draw conclusions, discuss limitations and provide further discussion. 
2 Background
2.1 Introduction
Moore (2011; p. 14) recommends drawing on a body of knowledge and experience 
(“theory”), through different contexts, to inform teaching practice. This theory is 
based on scholarship and also is informed by reflective evaluation of previous 
experience. Kotecha (2011), similarly, uses a teaching approach which draws on “my 
past teaching experience; several theories of learning; students' feedback” (p. 5). 
It seems appropriate, using this model, to first offer a reflection on the change in 
approach to implementation of learning technology that has taken place during this 
project, supported where appropriate by literature, and this is offered in section 2.2. 
Scholarship on the topic of this thesis takes the form of reading on assessment in 
general and e-assessment in particular. First, a detailed reading of key sources on 
assessment in mathematics, statistics and operational research (MSOR) in UK higher 
education is given in section 2.3. This aims to discuss assessment in the MSOR 
context and discover the assessment methods in common use. Second, an attempt is 
made to understand the practicalities, advantages and limitations of e-assessment in 
the MSOR context. Recognising that advantages and limitations of assessment 
approaches are not objective truths, an attempt is made in section 2.4 to evaluate 
these for e-assessment in MSOR via a systematic review of literature, including 
practitioner opinion and experience. 
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92.2 Reflection on experience
2.2.1 Introduction
My current research project arose initially from work completed for my Masters 
dissertation. A change in emphasis and approach has taken place during this project; 
from naïve enthusiasm for learning technology to a healthy scepticism and more 
considered approach directed to clear educational need. I don't remember a 
Damascene moment in relation to this change but a gradual shift based on my 
activities outside this project. 
I began this project in part-time mode in 2004 and alongside this I have had a 
series of part-time jobs. I started as a computer technician, running websites and 
databases for statisticians (2004-7). Later I worked for a mathematics professional 
body, talking to undergraduate mathematics students around the U.K. about career 
options and what they might do after graduation (2008-10). I worked as a 
mathematics lecturer in a U.K. university (2008-9), delivering mathematics content 
for science and business students and computational methods and graduate skills 
development for mathematicians. I worked to support learning and teaching through 
technology in a U.K. university mathematics department (2009-10) and I worked on a 
national project to support curriculum development projects and offer professional 
development for teaching and learning staff in higher education mathematics 
(2010-12). Naturally, these experiences have shaped my outlook on pedagogy, and 
this in turn has influenced this current research. 
In this chapter, then, I do not seek to address the main project directly. Rather, I 
describe some of the other experiences I have had of teaching and of implementing 
learning technology, and how these have influenced my approach to this research. 
This essay begins with a critical examination of my Masters dissertation and initial 
plans for this project. It goes on to describe my experiences of lecturing and the need 
for deep learning, an appreciation of the role that assessment can play in the 
development of graduate skills and an understanding of the process of deriving 
benefit from the implementation of technology. I do not attempt to detail all my 
previous experience, but to reflect on that which is relevant to the change of 
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approach that has taken place during my research project.
2.2.2 A solution looking for a problem
My PhD research arose as a continuation of a previous project, my Masters 
dissertation (Rowlett, 2004a, summarised in Rowlett, 2004b). I completed that 
dissertation as part of a computing Masters degree following a realisation in 2003 
that the technologies used to dynamically generate HTML webpages could 
dynamically generate MathML code to present mathematics on the web. HTML is the 
language used to encode content on web pages and uses tags to indicate which parts 
of a document are headings, paragraphs, links, etc. In a similar way, MathML uses 
tags to encode mathematical structures. Many HTML webpages are actually output 
from a script which has drawn together particular page elements (items in your 
shopping cart, for example) into a unique page for you. Applying this approach to 
MathML, mathematics can be written which includes dynamically generated 
elements; in this case to produce questions for an e-assessment system which differ 
for each user. 
I was aware, perhaps from my experience during my undergraduate mathematics 
degree, that practice is important in learning mathematics. I designed a system to 
make available to students self-test material on differentiation which would be 
marked by computer. Using pseudo-randomised constants in the functions to be 
differentiated, the system was capable of generating something in the region of nine 
million distinct questions from a dozen or so basic question types. A student using 
this system could reasonably expect to be able to practice for as long as they liked 
without running out of new questions to attempt. 
The dissertation itself (Rowlett, 2004a) has a strong focus on technology with 
chapters explaining MathML and dynamic webpage technologies and the main focus 
of the work being on applying the latter to the former to produce a computer-aided 
assessment system. A chapter on 'Mathematics and CAA' (p. 22-25) does mention 
some aspects of how people learn but has as its main focus issues arising from using 
technology to present mathematics assessments, including problems inputting 
mathematical notation and limitations of automated marking. 
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A user evaluation questionnaire was attempted but this gathered few responses. 
The evaluation chapter (pp. 45-49) focuses instead on whether the system was 
generating sensible mathematics without error, based on limited use by students. 
Although users were considered in the concluding chapter (p. 50), for example there 
is some concern expressed about “the small scope of the student usage evaluation”, 
the main conclusion is that “utilising the power of MathML through its dynamic 
manipulation has some merit when applied to the production of pseudo-randomised 
mathematics questions”. This seems to mean only that it is indeed possible to use an 
e-assessment system to set valid questions using MathML and correctly mark them. 
Exhibited in this work is clear pride in the efficiency of the approach (for the 
assessor); the system was capable of generating a relatively large quantity of 'output' 
for the amount of 'input' required. The starting point of that research was noticing 
what could be done with the technology and implementing this, simply because it was 
possible, without reference to wider pedagogic theory. In a way, this was quite 
reasonable; I was applying what I had learned during my computing degree to the 
interesting area of computer-aided assessment. In that sense I remain proud of the 
work; but at the same time it now seems hopelessly naïve, lacking any in depth focus 
on the educational aspects of what was being attempted. 
I began my PhD with a similar approach. I was encouraged early on in this 
(2004/5) to write an account of my plans (Rowlett, 2005) and in this I describe my 
research as continuing the work started during my Masters dissertation and “to 
investigate the application of other [similar] technologies to mathematics teaching 
and learning” (p. 35). Again, the focus seems to be on what can be done with 
technology first and what might be needed second. 
2.2.3 Deep learning of mathematical concepts
In 2008 I began lecturing a basic course in mathematics for business and science 
students who did not hold a recent qualification which included mathematical topics 
relevant to their degree. Instinctively, I wanted to encourage the students into some 
understanding of the concepts behind the mathematical syllabus, rather than just 
treating mathematics as a set of techniques to be memorised. As a mathematician, I 
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have a poor appreciation of how one might learn (certainly, remember) a technique 
without first understanding it. However, the students I was teaching were to use 
mathematics as a tool, a means to an end. In their home disciplines they would have 
problems which need to be solved using mathematics and they were looking to be 
taught how to apply relevant techniques. In circumstances such as these, I wondered, 
is it sufficient to teach the procedure of applying the technique? 
In the context of my e-assessment project, a system which can generate millions of 
instances of a limited range of questions might be seen as supporting the latter type 
of learning. It helps students to memorise and practice the technique without 
necessarily supporting their understanding. But is that a problem?
Entwistle and Ramsden (1983) contrast two main types of learning: “deep” (or 
“meaning”) and “surface” (or “reproducing”) (p. 193). The deep approach being 
“internal”, focused on the content of the article or problem and the knowledge, 
experience and interests of the learner. The surface approach is “external”, focused 
on the task and its requirements, with material “impressed on the memory for a 
limited period” and “no expectation that the content will become a continuing part of 
the learner's cognitive structure” (p. 195).
Raine (2005) regards the way mathematics has been taught to science students as 
procedural, “by constant repetition and coverage of all possible variants of a given 
problem, eventually to the extent that mathematics becomes indistinguishable from 
pattern matching” (p. 14). Fuson, Kalchman and Bransford (2005) suggest this 
procedural way of teaching mathematics “often overrides students' reasoning 
processes, replacing them with a set of rules and procedures” (pp. 217-218). These 
descriptions certainly sound like they would fit a massively randomised e-assessment 
system. Since the computer is applying a set of rules and procedures for pattern 
matching, we can hardly expect that repeated use of the system would encourage 
anything deeper from students. So does this sort of learning suit the requirements 
some students have to just learn to apply mathematical techniques? 
Fuson, Kalchman and Bransford argue that focusing the instruction on procedural 
knowledge is ineffective and causes a disconnect from the meaning behind the 
mathematics, evidenced by students failing to correct erroneous answers which are 
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clearly unrealistic. Raine remarks that the surface approach works “until you change 
the context and start asking for applications of the techniques in unfamiliar 
surroundings” (p. 14). A study in which students could reproduce a desired technique 
well but could not adapt this knowledge to unfamiliar circumstances is reported by 
Dreyfus (2002). There is also some suggestion that deep understanding can help both 
in the retention of what is learned and confidence in the subject (Entwistle and 
Ramsden). Fuson, Kalchman and Bransford even attribute some students' dislike of 
mathematics as a subject to focusing the instruction merely on procedural 
knowledge.
Of course, the purpose of science and business students learning mathematics is 
that they can retain this knowledge and apply the techniques to unfamiliar scenarios 
in their home discipline and wider career. If such students are dissuaded from 
applying mathematics when necessary because they have forgotten the techniques, 
lack confidence to apply them or even because of dislike of the subject then this is 
extremely problematic. Looking at it this way, then, the surface approach seems to be 
especially poor preparation. 
My reading around this subject led me to be concerned that I was simply training 
my students in the mathematical techniques so they would acquire, as Dreyfus puts it, 
“the capability to perform, albeit much slower, the kind of operation which a 
computer can perform” (p. 28). Beyond the immediate experience, this investigation 
led me to believe that the approach explored during my Masters research was 
similarly flawed. If encouraging students to practice large numbers of out-of-context, 
little-varying, self-test questions is implicitly encouraging procedural, and therefore 
surface, learning, then this approach will discourage students' ability to retain and 
apply their mathematical knowledge.
2.2.4 Development of graduate skills 
In 2009 I was to give a module for second year mathematics students which aimed to 
use mathematical project work to develop graduate skills, including time 
management, working in small teams and communicating using reports and 
presentations. These aims, including a syllabus which did not intend to develop any 
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particular mathematical topic, would require a very different approach to assessment. 
Beevers and Paterson (2002) describe “key skills” as “what is left after the facts 
have been forgotten” (p. 51). Challis et al. (2002) define a subset of key skills as 
“transferable” (p. 80) and say that as well as academic knowledge, professional 
mathematicians require these skills to “use their knowledge effectively” (p. 89). They 
say it is “incumbent on us, as teachers, to help our students to learn and develop 
these skills” (p. 80). Lowndes and Berry (2003) agree, saying that employers have 
“voiced their perceptions/criticisms that students/graduates are technically 
competent but lack professional skills, awareness of business issues, communication 
skills [and] problem solving skills” (p. 20). There is clearly a need to develop these 
skills, but how is this achieved? 
Hibberd (2005) notes that “much of the teaching and learning in an undergraduate 
mathematics curriculum is provided by traditional lectures and problem workshops 
and assessment is dominated by examination” (p. 5). This view of assessment of 
undergraduate mathematics in the U.K. is well supported by the findings of Iannone 
and Simpson (2012a) (more in section 2.3). MacBean, Graham and Sangwin (2001) 
note that “many people” view mathematics as a subject in which “something is either 
right or wrong” so that it is “difficult to discuss or debate and ... not open to differing 
opinions” (pp. 1-2). This sort of teaching and assessment, and this view of 
mathematics, is well suited to short problem questions with well-defined correct 
answers of the sort that might be marked by computer. 
Hibberd (2005) suggests that these teaching and assessment methods are “strong” 
for “the attainment of knowledge” but make “more limited contributions to other 
elements” (p. 6). Thomlinson, Robinson and Challis (2010a) recognise that 
e-assessment, with its “rapid feedback”, can “promote engagement” in the first year 
of a degree, but that the use of closed questions required for rapid computer marking 
limits the potential to develop graduate skills (p. 126). If widely used methods limit 
graduate skills development, is there a kind of assessment which is more suitable?
Waldock (2011) argues that graduate skills can be developed by using alternative 
methods of assessment which encourage skills development alongside mathematical 
content, in a way that traditional assessment methods do not. Reporting on interviews 
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with senior staff in U.K. university mathematics departments, Iannone and Simpson 
(2012a) say that “some justified alternative forms of assessment as more realistic of 
the kinds of tasks students would encounter in later employment” (p. 13). Specifically, 
Hibberd (2002) recommends that group project work can “[lead] students into a more 
active learning of mathematics, and an appreciation and acquisition of associated key 
skills” (p. 159). A case study of Iannone and Simpson (2012a) supports this, reporting 
the move away from examinations towards more project work at one U.K. university 
mathematics department as part of a drive to offer “the development and assessment 
of a wider range of skills” (p. 8). 
Traditional methods of assessment, using short problems with well-defined 
solutions, are well suited to use of e-assessment and computerised marking but less 
well suited to the development of graduate skills. Challis et al. advocate that the 
development of transferable skills “should be embedded in the mathematics 
curriculum” (p. 80) otherwise, they say, skills-based assignments risk being seen as 
“an 'add on'” rather than “an integral part of a mathematician's life” (p. 90). It seems 
that the approach taken in my Masters research, involving automated marking, is 
particularly at odds with the objective of embedding graduate skills development 
throughout the degree programme.
2.2.5 The pattern of the technology enthusiast
In 2009 I began working to support the mathematics curriculum through technology 
in a U.K. university mathematics department. Having been concerned that my 
e-assessment system may encourage surface learning and preclude the type of 
assessment that most favoured the development of graduate skills, my experiences in 
this role most of all made me question my 'wide-eyed' approach to using technology. 
Often, technology is introduced out of general enthusiasm. I certainly saw that in 
myself and others during this role, and it lay at the heart of my Masters dissertation 
project. Apart from my own experience, I have met a number of technology 
enthusiasts and heard several seminars on projects that seem to exhibit the same 
approach: it looks interesting, let's try it and see what it can do; we can worry about 
what we are trying to achieve later.
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I became involved with a project to conduct whole class quizzes through the use of 
response system technology (sometimes called electronic voting system or 'clickers'). 
Audience members enter individual answers to questions via a remote device and 
these responses are displayed collectively to the group. This technology is thought to 
bring two-way communication in large lectures and provide a beneficial active 
learning opportunity to every member of the audience (Simpson and Oliver, 2007). We 
used the technology in a large introductory applied mathematics module for regular 
quizzes to encourage students to keep up-to-date with lecture content and not simply 
save it all up to revise at the end. Each quiz was conducted, answers were given in 
class and students were encouraged to view worked solutions on the web later. 
The lecturer felt that the technology was useful and he had received informal 
positive feedback from students. This encouraged him to plan to repeat the process 
the following year. An evaluation of students' reported use of the feedback they 
received during quizzes, however, suggested that the technology was only benefiting 
those students who were more likely to engage in any case (Barton and Rowlett, 
2011). Essentially, students who reported that they were encouraged by the quizzes 
to review module materials said that they kept up-to-date equally well with other 
modules where clickers were not used. Students who were not encouraged to engage 
were struggling to keep up with this and other modules equally. 
Studies which reported a positive benefit for students were those that used 
clickers to drive an active change in teaching practice (Dufresne et al., 1996; Crouch 
and Mazur, 2001), while those reporting no evidence of benefit were controlling for 
other factors, such as teaching and learning method, when introducing the new 
technology (Kennedy and Cutts, 2005; King and Robinson, 2009). The technology 
introduction in our experiment was not accompanied by an educational change, such 
as Crouch and Mazur's peer instruction driving a more active style of learning, and so 
the findings of the evaluation should perhaps not have been a surprise. 
This technology was applied more or less in isolation, without driving a change in 
educational approach. It took time in class and effort on behalf of the lecturer and 
students, with positive effect on engagement with module materials, the stated goal, 
only reported by students who self-reported as being more likely to engage anyway. 
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Despite the positivity of the lecturer and the students he spoke to, an uncritical, 
unchanged repetition of use of the technology could be unhelpful or even detrimental. 
Use of the technology did provide the lecturer with valuable data about what the 
students did and did not understand in the form of their answers. If that is an 
acceptable goal, and the downside of time taken in class an acceptable price to pay, 
then the technology introduction may have been a success. As the desire was in fact 
to improve student engagement, and ultimately student learning, questions ought to 
be asked about implementation before the technology is used again. Learning to 
connect plans for technology implementation to clear educational goals and later 
evaluate against those goals is an important step which was missing from my Masters 
dissertation. 
2.2.6 Discussion
At the start of this process I was a naïve enthusiast willing to apply technology simply 
to see what can be done. Through an investigation of teaching methods to develop 
deep learning I came to worry that using e-assessment to generate large numbers of 
out-of-context, little-varying, self-test questions might give students the wrong 
message about the aims of assessment and encourage surface learning. This mode of 
learning can be detrimental to students because without understanding, they may not 
be able to apply techniques to unfamiliar circumstances and might struggle to retain 
what they have learned. Through designing a group project task to develop graduate 
skills I came to understand that producing graduates equipped for the challenges of 
life requires more complex tasks, and not just problems which are unambiguously 
right or wrong, to be embedded throughout the curriculum, limiting the effective 
range of e-assessment using automated marking across a degree programme. 
Through investigations into learning technology I came to understand the pattern 
of the technology enthusiast and recognise this in myself. This is where the naïvety of 
my earlier approach is laid bare. A new technology is introduced, perhaps without a 
particular aim and fuelled by individual enthusiasm. This then receives positive 
feedback from those students who used it, perhaps masking disengagement by a 
silent minority who are disadvantaged, which in turn fuels further uptake of the 
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technology. 
Actually, to expect an automatic improvement of student learning simply by 
replicating a current approach using technology is not encouraged by my 
experiences. Technology introduction ought to be put in a context of educational need 
and implemented accordingly. Educational technology may not produce a benefit 
simply by its introduction, but a benefit may derive from a change of approach driven 
by use of the technology. Approaching a curriculum development without considering 
potential educational need seems to me, now, to be a thoughtless approach. As such, 
a technology intervention should follow one of two patterns: to drive a change of 
practice which is beneficial to student learning, or to replicate a current approach 
more efficiently without detrimental effect and with no expectation of effect on 
student learning, perhaps in order to release staff time for another activity to 
positively influence student learning.
The approach taken when producing an e-assessment system for my Masters 
dissertation suffered from these problems: it was implemented with enthusiasm 
simply because it could be done and not to address any educational need; it 
encouraged surface learning; it precluded the sort of assessment that assists with 
graduate skills development; and, just because I was positive (and, given more time I 
may have found some students who were positive also) does not mean that the 
technology was benefiting anyone involved. 
My focus in the years since I started my PhD project has shifted considerably away 
from enthusiastic implementation of e-assessment technology to one looking at the 
effect of using such technology and when and where it can be implemented to 
address an established need and produce an educational benefit. In general, my 
approach to using technology in education has become much more sceptical. I listen 
to people who say they are implementing some technology, or asking me whether I 
am planning to introduce something, and my first question is: what is the educational 
need and how could technology address this better than the current approach? 
Otherwise, I won't waste everyone's time.
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2.3 Assessment in higher education 
mathematics
2.3.1 Introduction
Assessment in mathematical sciences and the methods used are examined through a 
detailed study of selected key sources. The relevant QAA Benchmark Statement1 
(QAA, 2007) recognises that assessments in mathematics “differ substantially” from 
those in other subjects (p. 20). For this reason, this section draws on sources on 
assessment specifically in higher education mathematics. 
Challis, Houston and Stirling prepared sets of resources aimed at university staff 
(2004a) and students (2004b), published in 2004 by the Learning and Teaching 
Support Network Subject Centre. These were based on a set of generic Learning and 
Teaching Support Network resources but designed “to interpret and add to them in 
such a way as to bring out their relevance and usefulness in the context of 
Mathematics, Statistics and Operational Research (MSOR)” (2004a, p. 2). 
Iannone and Simpson (2012b) ran a project, Mapping University Mathematics 
Assessment Practices (MU-MAP), supported by the National HE STEM Programme in 
2011-12, which aimed “to examine the current state of assessment in our 
undergraduate degrees”. They designed this “not only to give a broad overview of 
practice, by looking across our higher education institutions, but also to have an eye 
to the future and alternatives” (p. iii). 
As well as these resources with a specific focus on assessment, two recent sources 
devoted to higher education mathematics were consulted for their sections on 
assessment.
Robinson, Challis and Thomlinson (2010), working as part of the More Maths 
Grads project in 2007-10, aimed to “explore and review the way mathematics courses 
are working” in four institutions through questionnaires, group and individual 
1 The QAA Benchmark Statement for Mathematics, Statistics and Operational Research 
(MSOR) (QAA, 2007) aims to “provide a means for the academic community to describe the 
nature and characteristics of programmes” and “represent general expectations about 
standards for the award of qualifications at a given level in terms of the attributes and 
capabilities that those possessing qualifications should have demonstrated” (p. ii).
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semi-structured interviews with students and staff. This was “partly concerned with 
curriculum content” and also with (Challis, Robinson and Thomlinson, 2010; p. 5)
understanding and improving the kind of experience we provide for 
our students of mathematics, how we teach them, engage them and 
support them and recognise their aspirations, how they feel about 
that experience, and what the implications are of all that.
Particularly the chapters by Thomlinson, Robinson and Challis (2010a, 2010b) focus 
on assessment.
Cox (2011) offers a guide to practice for new lecturers in “mathematics and related 
subjects”. Cox hopes to avoid being “idiosyncratic, representing the single view of the 
author about teaching matters” by basing his book on “the production of materials for 
the highly successful Maths, Stats & OR (MSOR) Network Induction Course for New 
Lecturers” and thus “taking advantage of the wide range of input available to the 
Network”. Cox aims “to provide support for any new MSOR lecturer” and targets “the 
best interests of the students while being practical about the pressures on their 
teachers” (p. xi). 
This seems to be a suitable mix of approaches to provide useful coverage of the 
topic. Challis, Houston and Stirling (2004a, 2004b) provide a link to the general 
assessment literature, filtered for relevance to MSOR, Iannone and Simpson (2012a, 
2012b, 2012c) review the current state of mainstream and alternative assessment 
practice, Robinson, Challis and Thomlinson speak to staff and students about their 
experiences and Cox provides guidance to train staff.
This section is split into two parts: the first is about assessment in general; the 
second discusses specific methods of assessment. 
2.3.2 About assessment and its evaluation
2.3.2.1 What is assessment?
Cox offers the following definition of assessment (p. 149):
The measurement of the extent to which students have met the 
learning objectives of a course of study.
Cox says that “assessment is a major part of individual teaching and of departmental 
administrative affairs” (p. 145) and “in practice most teaching and learning is 
21
assessment driven” (p. 149). 
2.3.2.2 The purpose of a mathematics degree
The QAA Benchmark Statement expects certain subject-specific skills from all 
graduates, and expects “most of these” to be “formally assessed at some stage” (QAA, 
2007; p. 15). The abilities listed are: 
• “to demonstrate knowledge of key mathematical concepts and topics, both 
explicitly and by applying them to the solution of problems”; 
• “to comprehend problems, abstract the essentials of problems and formulate 
them mathematically and in symbolic form, so as to facilitate their analysis and 
solution, and grasp how mathematical processes may be applied to them, 
including where appropriate an understanding that this might give only a 
partial solution”; 
• “to select and apply appropriate mathematical processes”; 
• “to construct and develop logical mathematical arguments with clear 
identification of assumptions and conclusions”; 
• “where appropriate ... to use computational and more general information 
technology (IT) facilities as an aid to mathematical processes and for acquiring 
any further information that is needed and is available”; 
• “to present their mathematical arguments and the conclusions from them with 
accuracy and clarity” (p. 15). 
The Statement says that particular branches of MSOR will have “other 
subject-specific skills that are relevant to those particular branches” (p. 15). This also 
says graduates will have “highly developed skills of a more general kind” (p. 13) and 
that these will be “honed by their experiences of studying MSOR subjects” (p. 16). 
The Statement stresses “a general ethos of numeracy and of analytical approaches to 
problem solving”, and the importance of “the general skill of transferring expertise 
from one context to another” (p. 16).
The Statement suggests that graduates will possess the following general skills (p. 
16): 
• “general study skills”; 
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• able “to learn independently”; 
• able “to work independently with patience and persistence, pursuing the 
solution of a problem to its conclusion”; 
• “time management”; 
• “organisation”; 
• “be adaptable, in particular displaying readiness to address new problems 
from new areas”; 
• “able to transfer knowledge from one context to another”; 
• able “to assess problems logically and to approach them analytically”; 
• “highly developed skills of numeracy”; 
• “general IT skills, such as word processing, the ability to use the internet and 
the ability to obtain information, always exercising these skills in a responsible 
way and taking care that sources are referred to appropriately”;
• “general communication skills, typically including the ability to work in teams, 
to contribute to discussions, to write coherently and to communicate results 
clearly”. 
Where appropriate, this says, graduates will “have knowledge of ethical issues”. The 
Statement recognises that these skills “enhance the general employability” of 
graduates (p. 16).
The QAA Benchmark Statement also says that assessment “is not necessarily 
restricted to the assessment of mathematical knowledge and understanding alone” 
and that programmes will also assess, for example, “the ability to use mathematical 
ideas in the context of an application” or “the ability to communicate effectively” 
(QAA, 2007; p. 18). 
2.3.2.3 Purposes of assessment 
Challis, Houston and Stirling (2004a) give six “purposes of assessment” (p. 44): 
1. “to give a licence to proceed to the next stage or to graduation”;
2. “to classify the performance of students in rank order”;
3. “to improve student learning”;
4. “to inform teachers of the strengths and weaknesses of the learners and of 
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themselves so that appropriate teaching interventions may be employed”;
5. “to inform other stakeholders – society, funders, graduate schools, potential 
employers”;
6. “to encourage learners to take a critical-reflective approach to everything that 
they do, that is, to self-assess before submitting”. 
Cox lists the following as possible purposes of an assessment (pp. 149-150), based in 
part on Brown (2001; p. 10): 
• “to judge the extent to which knowledge and skills have been mastered”;
• “to monitor improvements over time”;
• “to diagnose students' difficulties”;
• “to evaluate teaching methods”;
• “to evaluate the effectiveness of the course”;
• “to motivate students to study”;
• “to predict future behaviour and performance”;
• “to qualify students to progress”.
Cox says that whatever its purposes, assessment is “primarily a measure of student 
learning”. He warns that these purposes must be used “carefully” in balance. For 
example, a coursework assessment used to encourage student learning may not be 
very effective at predicting students' future performance “if only because there is no 
certainty that it is solely the student's work” (p. 150). 
Note that the first list contains “to improve student learning” and the second “to 
motivate students to study”. Cox says that one of the important points of assessment 
is that “students best learn mathematics if they are actively engaged in the process of 
doing mathematics”, and that this is best achieved in an examination (p. 149). Challis, 
Houston and Stirling (2004a) agree that active learning as a means of promoting a 
deep approach should be promoted, but do not so restrict the range of assessment 
methods (p. 44).
2.3.2.4 Assessment of graduate skills
Challis, Houston and Stirling (2004a) report “the wide acceptance of the [QAA] 
benchmark statement” in MSOR and therefore “some general acceptance of the value 
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of key skills2” (listed in section 2.3.2.2), while pointing out there is “less agreement 
over how to embed or to assess students' development of them”. They also point out 
that employers have (p. 15)
consistently said they value transferable or key skills, and it behoves 
us as course designers to bear in mind the future needs of 
mathematics graduates working in industry, whether as a 
mathematician or in a more general capacity.
In section 2.2.4, the issue of graduate skills development in teaching was 
discussed, with the idea that this must be embedded throughout the curriculum. 
Challis, Houston and Stirling (2004a) also report this view and, having acknowledged 
that “many students now work strategically, responding only to the pressure of 
assessment” (p. 7), they say (p. 16)
others may feel that integrating the skills assessment distorts the 
integrity of their award. However, working on the principle that if 
you want to convey to students that you value something then you 
have to assess it, this issue must be addressed.
They suggest communication skills can be developed through “communicating the 
answer to a range of people and not just peers, in suitable form(s) (e.g. report, article, 
poster, oral presentations, etc.)”. They say “the mathematical modelling process 
provides an ideal vehicle for developing and assessing the full range of 
communication skills, from understanding the problem, to communicating validated 
conclusions, perhaps to non-experts” (p. 16). They also suggest mathematical 
modelling “covers the whole territory” of problem-solving, providing “an ideal vehicle 
both for skills development and assessment” (p. 17). 
Challis, Houston and Stirling (2004a) acknowledge that group work only receives 
“one very brief mention” in the QAA Benchmark Statement but say that (p. 17)
in the world of work most problem solving involves teamwork, and 
while a mathematician will bring special skills to a team, she or he 
will also have to function as a member of that team and to be aware 
of the issues involved in that.
Again, they cite modelling as “an ideal vehicle for developing group working skills” 
(p. 17). 
2 “key skills”, “transferable skills” and “graduate skills” are used here interchangeably. 
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2.3.2.5 Learning outcomes and alignment
Challis, Houston and Stirling (2004a) define learning outcomes as “statements of the 
things it is intended that students will be able to demonstrate or do when they 
complete the programme or a constituent module” (p. 43). They say that the “most 
useful piece of advice” on assessment for lecturers is “first of all write the learning 
outcomes of a module very carefully”, since “thoughtful learning outcomes are the 
key to good assessment” (p. 42; emphasis original). This is because, for a clear set of 
outcomes representing a concise statement of what the students will learn, a module 
is made up of teaching, learning and assessment methods which are designed to 
“match the chosen learning outcomes” (Kahn, 2002; p. 93).
2.3.2.6 Formative and summative assessment
Cox has formative assessment as “designed for developmental purposes” and not 
contributing to students' marks or grades, “allowing students to make mistakes 
without penalty” (p. 150). He warns that it is possible “students won't do such work 
because it does not attract marks”, meaning that it is possible that only the more 
motivated students will complete formative work (p. 150). Cox says summative 
assessment is “designed to establish students' achievement at stages throughout a 
programme and normally contributes to their marks and grades” (p. 150). Challis, 
Houston and Stirling (2004b) agree that summative assessment “attempts to measure 
the extent to which a student has achieved the learning outcomes of the programme 
or module” (p. 4) and that it is used to produce “a final mark at the end of the 
process” (p. 7). Challis, Houston and Stirling (2004a) say that “quite often” the same 
assessment tasks are used for formative and summative assessment (p. 5). 
2.3.2.7 Marking criteria
An assessment is accompanied with a set of marking criteria or a mark scheme. Cox 
says “the essentials” of good marking criteria are that they:
• “match the assessment tasks and learning objectives”;
• “enable consistency of marking”;
• “can pinpoint areas of disagreement between assessors”;
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• “can be used to provide useful feedback to students” (p. 166).
On consistency between multiple markers, Thomlinson, Robinson and Challis 
(2010a) say defining clear instructions for “different markers of varying skills”, in 
order to improve reliability, “constrains the type of questions being asked since 
students need to be steered to produce answers in a reasonably standard form” (p. 
123). 
2.3.2.8 Plagiarism
Challis, Houston and Stirling (2004b) define plagiarism as “misrepresenting someone 
else's work as your own” (p. 17). Challis, Houston and Stirling (2004a) highlight a 
variety in definitions of plagiarism, with some being “more explicit about the 
dishonesty” and others putting “greater emphasis on the acknowledgement of 
sources”. The latter is a more subtle issue, for example including the extent to which 
information given in the lectures - “the 'common knowledge' of the subject” - must be 
acknowledged, or whether students properly acknowledge when they are quoting 
“large amounts of text” from other sources. There are considerable issues here, 
particularly around communication of good practice and expectations to students (p. 
23). Cox warns that plagiarism can distort the view of the lecturer on whole-class 
progress (p. 183).
Iannone and Simpson (2012a) note that plagiarism can be hard to identify in short 
problem questions, as “it would be quite natural for students to use similar methods 
and even similar variable names in their solutions to the same problem” (p. 12). Cox 
describes the situation thus (p. 182):
Particularly in techniques-based topics two completely independent 
solutions to the same problem can look virtually identical. The only 
real give away is when a number of scripts come in together with 
identical silly mistakes, and even then, unless someone coughs it is 
difficult to assign responsibilities.
Challis, Houston and Stirling (2004a) also discuss collusion. They say that we 
“ought to commend” the practice of students discussing “a piece of work they all have 
to do”. They say that students “might think through the issues together and come to 
some joint conclusions”. They say that “in group work this is explicit and 
uncontroversial, as the output will be acknowledged as coming from the group” 
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(although, re. “uncontroversial”, see the discussion under section 2.3.3 about 
assigning individual marks for group work), but that in cases where the work is 
individual “there is frequently a grey area here”. They say few would object if 
students “all contributed to the discussion and the individual write ups are different”. 
They say that in “essay-type material” (p. 24)
it is reasonably clear that independent write-ups will be different, 
but for analysing data or solving a mathematical problem this is less 
clear: the theory will constrain independent correct work to be very 
similar, at least for students of moderate ability.
Cox says the issue of plagiarism is “a hot topic nowadays” but “somewhat 
overcooked” (p. 182). Challis, Houston and Stirling (2004a) say that for a student to 
plagiarise “is not sensible” because (p. 23)
if there is a purpose in asking the student to do the work it will be to 
promote or assess the student's learning, and copying contributes 
nothing to that purpose.
However, Iannone and Simpson (2012a) report concern about a “thirst for grades” 
driving “plagiarism or collusion with coursework” (p. 13). 
2.3.2.9 Evaluation of assessment
Assessment can be evaluated in terms of the following qualities: reliability, validity, 
fairness (QAA, 2007; p. 18), efficiency and usability (Challis, Houston and Stirling, 
2004a; p. 6). Definitions of these terms are provided below. 
Reliability
Challis, Houston and Stirling (2004a) say “reliable assessment measures are 
objective, accurate, repeatable and correctly marked and recorded” showing “no bias 
between examiners” (p. 5). Cox defines reliability as meaning that “the outcome of 
the assessment is consistent for students with the same ability, whenever the 
assessment is used, whoever is being assessed, and whoever conducts the 
assessment” (p. 151). 
Challis, Houston and Stirling (2004a) say that in “traditional mathematical 
assessment there is a feeling that examiners are highly likely to agree, since a piece 
of mathematics is either right or wrong”. They say that “reliability has been an issue 
for more discursive disciplines to worry about but not us” (p. 19). However, complete 
